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SHAFT AND RADIALLY-SEALING RING WITH
COLD FLEXED SEAL DISK

This is a continuation-in-part of copending U.S. pa- 5

tent application Ser. No. 775,470 filed Sept. 12, 19835.
BACKGROUND OF THE INVENTION

The invention relates to a shaft and a ring for sealing
radially thereabout.

A known seal ring 1s produced from a planar, annular
disk of a non-elastomeric plastic, preferably polytetra-
flunoroethylene. The outer circumference of the disk i1s
held about a shaft in a stiffening ring and the inner
circumference of the disk is cold flexed about the shaft
in the direction of the space to be sealed to form a cylin-
drical stub which engages the shaft under bias.

German Federal patent publication OS No. 25 53 290

describes a seal ring of the above kind. Its planar, annu-
lar disk has ribs projecting inwardly from its cylindri-
cal-stub portion and contacting the shaft for pumping
back any leakage. For this reason, attaining good seal-
ing action depends on the shaft turning at the correct
speed.
- If the circumferential speed of the shaft 1s too great,
so is the pumping action of the ribs. This can cause
lubrication failure around the dynamic sealing zone of
the ribs as well as the pumping of dust from the sur-
roundings into the dynamic sealing zone and even into
the sealed chamber. These events are undesirable and
can result in the premature failure of the seal.

If the circumferential speed of the shaft 1s too small,
so is the pumping action of the ribs. This shifts the
dynamic sealing zone toward the outside, away from
the sealed chamber, especially in the interstices between
the individual ribs, which causes undesirable contami-
nation. Particularly when the shaft is at rest, and in
cases in which pressure builds up in the sealed chamber,
this effect is plain to see. |

SUMMARY OF THE INVENTION

An object of the invention is, therefore, improving a
seal ring of the kind described above such that its de-
scribed disadvantages do not occur, 1.e. to assure good
sealing action regardless of whether the sealed shaft is at
rest or in rotation and to permit the sealing of higher
pressures. |

To this and other ends, the invention provides a shaft
and seal ring in combination and best described, at least
in part, by the process of its manufacture.

The seal ring is made from an annular disk of a non-
elastomeric plastic, preferably polytetrafluoroethylene.
The disk is initially planar, i.e. it has parallel annular
surfaces, with a thickness between the parallel surfaces
of from about 0.8 to about 2 mm and an inside diameter
that is from about 1 to about 6 times the thickness of the
disk less than the diameter of the shaft.

The inside of the annular, planar disk i1s then cold
flexed about the shaft in the direction of the space to be
sealed. This forms a cylindrical stub which engages the
shaft under bias.

The outside of the disk 1s sealingly connected by
clamping, for example, to a stiffening ring, preferably
before the inside of the disk is cold flexed about the
shaft. The stiffening ring is for mounting the seal ring
about the shaft. The radially-innermost line of the seal-
ing connection of the stiffening ring about the disk on
either side of the disk is from about 1.1 to about 4 times
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the thickness of the disk from the surface of the shaft
when the inside of the disk has been cold flexed tl}ere-

about.

Preferably, the disk has a thickness of from about 1.4
to about 1.7 mm, an initial inside diameter of from about
1.5 to about 3 times its thickness less than the diameter
of the shaft, and a distance from the shaft to the inner-
most line of connection to the stiffening ring from about
1.2 to about 1.7 times the thickness of the disk.

The seal ring of the invention is substantially smaller
and more compact than embodiments in accordance
with the state of the art described above. Nevertheless,
it is entirely adequate in relation to the radial displace-
ments of the shaft which occur in normal machine con-
structions. In particular, shafts having diameters rang-
ing between about 5 and about 40 mm can be sealed in
an excellent manner with the ring of the invention.

The axial length of the dynamic sealing zone about
the cold-flexed, cylindrical stub is extraordinarily short.
This better assures the necessary lubrication in this
critical area by the generally-fluid medium being sealed.
Also of great importance in this regard is the use of the
non-elastomeric plastic, especially polytetrafluoroethyl-
ene, for producing the seal ring.

To facilitate installation about the shaft, the inside of
the disk can first be flexed conically, for example by
using a shaping tool. However, it is of decisive impor-
tance to avoid any heating of the material in this form-
ing process so as not to impair the shape-recovering
tendency of the disk material. This assures uniform bias
of the cylindrical stub, end section of the disk against
the surface of the shaft over long periods of time be-
cause the axial expansion of the disk to form the cylin-
drical-stub dynamic sealing zone is slight and the good
lubrication thus achieved will forestall any excessive
heating during normal operation which would impair 1t.

The disk has no hydrodynamically-acting back-feed
elements facing the shaft about its cylindrical-stub dy-
namic sealing zone. Sealing effectiveness is thus inde-
pendent of whether the shaft is at rest or in rotary
movement. Even alternating directions of rotation,
changing rotary speeds and alternating axial directions
of positive pressure differential produce no adverse
effect. The seal ring is therefore excellently suited for
sealing the pump shaft of a coolant pump of a motor
vehicle.

In a preferred embodiment, the portion of the disk
clamped in the stiffening ring and the shaft are approxi-
mately at a right angle. Other orientations are possible,
but the right-angle relationship achieves an especially
long useful life and good sealing results.

The side of the stiffening ring opposite that toward
which the disk is cold flexed into the cylindrical stub
can have an annular projection extending inwardly to
the immediate vicinity of the shaft. This improves the
axial support of the cylindrical-stub, dynamically-seal-
ing end section of the disk, and gives the added advan-
tage of making the dynamically-sealing cylindrical stub
less accessible to undesirable exterior dirt and dust.

To reduce manufacturing costs, it has proven advan-
tageous for the stiffening ring to be made of a plastic
injection-molded onto the outer margin of the disk.
Thermosetting materials have been preferred. Problems
regarding the fastening and sealing together with the
two parts can thus be reliably prevented.
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BRIEF DESCRIPTION OF THE DRAWINGS

Merely-preferred embodiments which illustrate but
do not limit the invention will now be described with
reference to drawings thereof, in which:

FIG. 1 1s half a side elevation, partly in cross section,
of one preferred embodiment; and

FIG. 2 is a half a side elevation, partly in cross sec-
tion, of another preferred embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiment shown in FIG. 1 has an
annular disk 1. The outside of the annular disk has been
sealingly clamped in a groove of a stiffening ring 2
which, together with the disk, forms a seal ring. The
inside of the annular disk has been cold flexed about a
shaft 3 to form a cylindrical stub 1z on one end of the
disk which dynamically seals about the shaft when the
shaft rotates relative to the seal ring and statically seals,
when the shaft is not relatively rotating.

The stiffening ring is produced from a glass fiber-
filled phenolic resin formed directly on the outer cir-
cumference of the disk. The disk is thus bonded unre-
movably and in a liquid-tight manner in the stiffening
ring. In the area of the bond, the disk forms a right angle
with the shaft.

The disk 1s made of polytetrafluoroethylene. For the
sealing about the shaft which has a 16 mm diameter, it
has an outside diameter of 25.0 mm and a thickness of
1.5 mm. Before being cold flexed about the shaft, the
disk was planar and had an inside diameter of 13 mm.
The axial length of the contact surface between the disk
and the surface of the shaft after installation cold flexing
the disk about the shaft amounts to approximately 2 mm
and 1s thus extremely short. The distance from the sur-
face of the shaft 3 to the line L of the innermost portion
of the bond between the stiffening ring and the disk is
2.0 mm.

The seal ring can be made at low cost and is easy to
install. When used in the coolant pump of a motor vehi-
cle, as intended it gives excellent sealing action through
its entire life. No adverse effects of the antifreeze addi-
tives commonly used in the coolant have been ob-
served.

The seal ring 1', 2" and shaft 3’ of FIG. 2 are the same
as that of FIG. 1, except that the stiffening ring has the
inward projection 4 on the side of the ring opposite that
toward which the disk was cold flexed into the cylindri-
cal stub la'. The projection 4 extends toward the shaft 3
as far as possible, 1.e. to the limits of radial excursion of
the shaft 3’ in rotary use, to form a dirt shield and pro-
vide axial support for the disk. It is not attached to the
disk, however, so that the innermost line L' of the seal-
ing attachment of the bond between the disk and stiffen-
ing ring 1s at the same distance from the shaft as in the
embodiment of FIG. 1.

It will be understood that the specification and exam-
ples are 1illustrative but not limitative of the present
invention and that other embodiments within the spirit
and scope of the invention will suggest themselves to
those skilled in the art.

What 1s claimed is:

1. A shaft and seal ring combination made by the
process comprising;:

providing the shaft;

cold flexing the inside of an annular, planar disk of

non-elastomeric plastic about the shaft, the disk
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having a thickness of form about 0.8 to about 2 mm
and, before being cold flexed about the shaft, an
inside diameter of from about 1 to about 6 times the
thickness of the disk less than the diameter of the
shaft; and

sealingly attaching a stiffening ring about the outside
of the disk, the line of the innermost sealing attach-
ment between the stiffening ring and the disk being

from about 1.1 to about 4 times the thickness of the
disk from the surface of the shaft.
2. The shaft and seal ring combination of claim 1,

wherein the thickness of the disk is from about 1.4 to
about 1.7 mm, the inside diameter of the disk is from
about 1.5 to about 3 times the thickness of the disk less
than the diameter of the shaft, and the line of the inner-
most attachment between the stiffening ring and the
disk is from about 1.2 to about 1.7 times the thickness of
the disk from the surface of the shaft.

3. The shaft and seal ring combination of claim 1,
wherein the portion of the disk sealingly attached to the
stiffening ring is approximately at a right angle to the
shaft.

4. The shaft and seal ring combination of claim 2,
wherein the portion of the disk sealingly attached to the
stiffening ring is approximately at a right angle to the
shaft.

5. The shaft and seal ring combination of claim 1,
wherein sealingly attaching the stiffening ring about the
disk comprises molding a plastic thereabout.

6. The shaft and seal ring combination of claim 2,
wherein sealingly attaching the stiffening ring about the
disk comprises molding a plastic thereabout.

7. The shaft and seal ring combination of claim 3,
wherein sealingly attaching the stiffening ring about the
disk comprises molding a plastic thereabout.

8. The shaft and seal ring combination of claim 4,
wherein sealingly attaching the stiffening ring about the
disk comprises molding a plastic thereabout.

9. The shaft and seal ring combination of claim 1, and
further comprising providing an inward, annular pro-
jection from the stiffening ring on the side thereof oppo-
site that toward which the disk is cold flexed for axially
supporting the disk.

10. The shaft and seal ring combination of claim 2,
and further comprising providing an inward, annular
projection from the stiffening ring on the side thereof
opposite that toward which the disk is cold flexed for
axially supporting the disk.

11. The shaft and seal ring combination of claim 3,
and further comprising providing an inward, annular
projection from the stiffening ring on the side thereof
oppostte that toward which the disk is cold flexed for
axially supporting the disk.

12. The shaft and seal ring combination of claim 4,
and further comprising providing an inward, annular
projection from the stiffening ring on the side thereof
opposite that toward which the disk is cold flexed for
axially supporting the disk.

13. The shaft and seal ring combination of claim 5,
and further comprising providing an inward, annular
projection from the stiffening ring on the side thereof
opposite that toward which the disk is cold flexed for
axially supporting the disk.

14. The shaft and seal ring combination of claim 6,
and- further comprising providing an inward, annular
projection from the stiffening ring on the side thereof
opposite that toward which the disk is cold flexed for
axially supporting the disk.
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15. The shaft and seal ring combination of claim 7, and further comprising providing an inward, annular

and further comprising providing an inward, annular projection from the stiffening ring on the side thereof

projection from the stiffening ring on the side thereof . : o
opposite that toward which the disk is cold flexed for opposite that toward which the disk 1s cold flexed for

axially supporting the disk. 5 axially supporting the disk.
16. The shaft and seal ring combination of claim 8, T L B
10

15

20

25

30

35

45

30

D3

60

65



PATENT NO. 4,603,800
DATED . August 5, 1986

INVENTOR(S) : Dieter Fuchs, et al.

1t is certified that error appears in the above-identified patent and that said Letters Patent is hereby

corrected as shown below: On the Title page:
Item [73], "H. Weissenfeld-Richters" should be

~— Firma Carl Freudenberg --.

Signed and Sealed this
Twenty-eighth Day of October, 1986

[SEAL]

Attest:

DONALD J. QUIGG

Attesting Olfficer Commissioner of Patents and Trademarks




	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

